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Abstract: Landscape is one of the most important natural factors that influences the energy 
consumption of soil tillage equipment. Specific agro-technical requirements have to be met in order 
to prevent erosion, but also to optimize fuel consumption in tillage on slopes in hilly areas. The 
factors influencing tillage quality and fuel consumption have to be well understood and rationally 
applied in order to employ a technology that will assure a maximum of productivity, a minimum of 
costs and a low energetic input. 
 




The mechanization of tillage is limited by landscape, mainly by the slope 
inclination and soil type (Moraru 2013, Gheres, 2007). The influence of landscape on 
mechanical tillage can be summarized as follows (Molnar 2005, Ranta 2008):  
• Arable land situated in hilly areas typically has two types of gradients. Of these 
two, one is the main gradient, with values of up to 20-22°C. The other gradient, 
secondary and usually perpendicular to the first, has values of 8-10°. 
• Soils in hilly areas have a clay content of over 45%. They are compact, generally 
weakly structured and have a poor insurance of nutrients. Their penetration 
resistance has high values between 6 and 12 N/cm². 
• Work surfaces plots situated in hilly areas are generally smaller and more 
dispersed than areas in lowland are. Moreover, the space available for tillage 
equipment is limited. 
Thus, landscape is one of the most important natural factors that influences the 
energy consumption of soil tillage equipment (Gheres 2014, Rusu 2013). 
 
MATERIAL AND METHOD 
 
The experiments were carried out in the Mechanization of Tillage on Slopes 
Program from I.N.M.A. Bucharest - Cluj-Napoca work point plan. In this program, 
specialists from the Technical University Cluj-Napoca and the University of Agricultural 
Sciences and Veterinary Medicine Cluj-Napoca collaborated.  
The ecological and climate characteristics in Romanian hilly area are specific 
enough to justify the use of these plots in a research aiming to establish a specific tillage 
mechanization technology for energetic consumption reduction. The field experiments 
took place on work plots at U.S.A.M.V. Cluj-Napoca experimental farm and Agricultural 
Commercial Society (former IAS) Apahida - Larga farm. The slopes chosen for trials had 
gradients up to 18-20°. The soils were characteristic to hilly areas, namely medium and 
heavy soils.  
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The equipment used for tillage belonged to the Slope Station Cluj-Napoca and 
consisted of the following tractor – implement combinations for tillage on slopes: SM 800, 
SM 445, U650 tractors implemented with PRM-3(2)-25 ploughs, CPU-4, 2 cultivators and 
GD-3, 2 disc harrows. Fuel consumption was determined using a fuel monitoring 
equipment assembled on the fuel delivery system of the tractor. The monitoring equipment 
indicated the real time fuel consumption while working. 
 
RESULTS AND DISCUSSIONS 
 
The results on the influence of gradient on fuel consumption in tillage permitted 
the elaboration of correction coefficients. Table 1 contains the correction coefficients 
values of fuel consumption at different gradients compared to a normal consumption. 
Normal consumption is defined as fuel consumption recorded for tillage in lowland 
conditions (Stănilă 1989). 
Table 1 
Correction coefficients values of fuel consumption at different gradients 
Working operation 
Correction coefficients values of fuel 
consumption 
Slope 6-90 Slope 9-140 
Ploughing at 20 cm + harrowing 1.06 1.15 
Ploughing at 25 cm + harrowing + soil loosening  1.11 1.21 
Furrow harrowing 1.07 1.21 
Total cultivation 1.06 1.13 
 
As show in figure 1, for tillage on slopes with a 9° gradient, fuel consumption 





Fig. 1. Correction coefficients values of fuel consumption 
 
As air pressure decreases with increasing altitude, internal combustion worsens, 
nominal engine power decreases and fuel consumption increases. Table 2 covers tractor 
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Computation was made according to current standards for constant conditions: a +20°C air 
temperature and relative humidity. 
 
Table 2 
Altitude influences on fuel consumption and tractor power 
 
Altitude 
















0 58,8 190 33 190 47.8 190 
110 57,9 192 32,5 193 47 193 
220 57,3 195 32,2 195 46,6 196 
230 56,5 197 31,8 198 45,9 198 
445 55,7 200 31,3 201 45,2 201 
550 55 203 30,9 203 44,7 204 
670 54,2 205 30,5 206 44,1 207 
780 53,4 209 30 209 43,4 210 
890 71,6 212 40,3 212 58,1 212 
 
It was noted that at a frequent altitude in hilly areas of 600 m the power of SM-800 
tractor decreases with 7% and fuel consumption increases by 7% compared to nominal 




Fig. 2. Altitude influences on tractor power 
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Relative resistance of soil is dependent on texture and relative humidity. It 
increases with decreasing humidity, settlement and fallow degree. Table 3 shows the 
influence of soil specific resistance on fuel consumption in ploughing (Tianu 1995, Cota 
1995).   
Table 3.  
Influence of soil specific resistance on fuel consumption 






Ploughing at depth : 
23-25cm 28-30 cm 
[1/ha] [%] [1/ha] [%] 
light 3-4 18,00 79,1 20,50 82,1 
medium 4-6 22,75 100,0 25,00 100,0 
heavy 6-9 31,25 137,5 32,00 128,2 
very heavy 9-12 38,00 167,3 41,00 163,9 
 
The presented data shows that fuel consumption grows by up to 67% in ploughing 




Fig. 4. Influence of soil specific resistance on fuel consumption 
 
Soil specific resistance is also influenced by depth of the cut because physico-
mechanical properties of soils are not constant in different layers. Consequently, in the 
superficial layer, where the majority of the crops have their roots, soil specific resistance is 
greater than in inferior layers, up to the depth limit of annual tillage. In deeper layers, 
where the cut did not reach, specific resistance has the greatest values (Şandru 1982). 
The area, shape and distribution of working plots can significantly influence the 
fuel consumption per unit of surface because of down-times in shift schedule (U-turns at 
the end of the plots, moving among plots). 
Romanian research on the influence of plot area on fuel consumption developed 
some correction coefficients function of plot length. These coefficients for 9° gradient are 
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Table 4 




Value of correction coefficients for fuel consumption 
under 100 [m] 100-250 [m] 250-500 [m] 500-800 [m] 800-1200 [m] 
Ploughing at 20 cm + 
harrowing 1,18 1,09 1,03 1,00 0,99 
Ploughing at 25 cm + 
harrowing + soil loosening 1,23 1,08 1,02 1,00 0,98 
Furrow harrowing 1,27 1,12 1,05 1,00 0,98 
Total cultivation 1,21 1,07 1,02 1,00 0,99 
 
It can be noted that, in tillage on slopes, fuel consumption per unit of surface 
increases with the decrease of plot length. In the case of a frequent plot length in hilly 
areas of 100 m, fuel consumption increases by 18-27% compared to 500-800 m plots taken 








 Fuel consumption at tillage on slopes in hilly areas it grows by up to 21% for 
slopes with a gradient between 9° and 14°, grows by up to 67% at ploughing on heavy and 
very heavy soils from hilly areas, increases by 18-27% on 100 m plots compared to 500-
800 m plots taken as reference and the power of tractors decreases with 7% and fuel 
consumption increases by 7% in hilly areas of 600 m. 
 Specific agro-technical requirements have to be met in order to prevent erosion, 
but also to optimize fuel consumption at tillage on slopes in hilly areas. In this perspective, 
the following tillage mechanization technologies were developed: 
- a decreasing ploughing depth in an anti-erosion tillage system as a 
consequence of the increasing cultivation of cereals crops on slopes; 
- replacing ploughing by disc harrows on 3-4 course rotation  
- replacing ploughing by paraplaws 
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 Researchers largely consider that an anti-erosion tillage system has to be generally 
employed on slopes in order to prevent erosion and maintain soil fertility. In this respect, 
tillage has to be done along soil level curbs. 
The factors influencing tillage quality and fuel consumption are multiple and 
diverse. They can be technical, organizational, economical and eco-climatic factors. These 
factors have to be well understood and rationally applied in order to employ a technology 
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